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FAILURE DIAGNOSTIC SYSTEM FOR EXHAUST 
PRESSURE INCREASING DEVICE 

Cross-Ref erence to Related Application 

[0001] This application incorporates by references the 

subject matter of Application No. 2003-086286 filed in Japan 
on 26 March 2003, on which a priority claim is based under 35 
U.S.C. § 119 (a) . 

Background of the Invention 
1. Field of the Invention 

[0002] The present invention relates to a failure 

diagnostic system for an exhaust pressure increasing device, 
and more particularly to a failure diagnostic system for an 
exhaust pressure increasing device which is applied to exhaust 
flow control intended for reducing the emission of exhaust 
gas . 

1. Description of the Related Art 

[0003] As a technique for reducing the emission of unburned 
substances such as HC and CO and exhaust gas substances such 
as N0 X , an exhaust gas emission reducing technique which 
utilizes reaction caused by a catalyst has been known. 
According to this technique, the flow of exhaust gas is 
controlled to prevent unburned substances such as HC from 
being emitted before the catalyst is activated. 

[0004] It is known that exhaust flow control is provided in 

e.g., an exhaust pressure increasing device provided in an 
exhaust channel of an internal combustion engine. The exhaust 
pressure increasing device is comprised of an exhaust throttle 
valve, an actuator which actuates the exhaust throttle valve, 
and so forth; the passage area of the exhaust channel is 
varied by changing the angle of opening of the exhaust 
throttle valve so as to increase the exhaust pressure of an 
exhaust pressure increasing part located upstream of the 
exhaust throttle valve. The increase in exhaust pressure 
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promotes the reaction of the unburned substances and oxygen in 
an exhaust system which extends from a combustion chamber to 
the exhaust channel, and reduces the emission of the unburned 
gas substances and realizes quick activation of the catalyst. 

[0005] Since the exhaust pressure increasing device is 

important for reducing the emission of the exhaust gas 
substances and realizing quick activation of the catalyst as 
described above, it is necessary to promptly and properly cope 
with a failure in the exhaust pressure increasing device. 

[0006] To determine whether the exhaust pressure increasing 

device has failed or not, it can be envisaged that an exhaust 
system pressure sensor (exhaust pressure sensor) is disposed 
upstream of the exhaust pressure increasing part so that 
whether a failure has occurred or not can be determined 
according to whether the exhaust pressure detected by an 
exhaust pressure sensor lies within a predetermined range or 
not. A technique relating to a construction in which an 
exhaust pressure sensor is provided which detects the exhaust 
pressure in an exhaust channel has been proposed, for example, 
in Japanese Laid-Open Patent Publication (Kokai) No. 8-210123 

(e.g., paragraph [0016] and FIG. 1)). 

[0007] According to this technique, the exhaust pressure 

sensor which detects the exhaust pressure is disposed at an 
end of a port (cooling pipe) which branches off from the 
exhaust channel of an exhaust system. With this arrangement, 
whether the exhaust increasing apparatus has failed or not can 
be determined by detecting the exhaust pressure of the exhaust 
pressure increasing part. 

[0008] By the way, the exhaust pressure sensor is required 

to have a resistance to heat since it has to detect the 
pressure of high- temperature exhaust gas at a position 
upstream of the exhaust pressure increasing part. Moreover, 
the exhaust pressure sensor is in communication with the 
exhaust channel so as to detect the pressure of the exhaust 
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pressure increasing part, and hence the exhaust pressure 
sensor is also required to have a resistance to corrosion 
caused by condensed water in exhaust gas. Particularly, in an 
engine for which fuel with sulfur with a high concentration is 
used, the exhaust pressure sensor is likely to be corroded due 
to a high acidity of the condensed water. Therefore, the 
exhaust pressure sensor disposed in the exhaust system needs 
to be specially configured to have a resistance to heat and a 
resistance to corrosion, and is expensive as a result. 
[0009] Here, to satisfy the requirements such as a 
resistance to heat, it can be envisaged that the exhaust 
pressure sensor is not disposed directly in the exhaust 
channel through which high- temperature exhaust gas passes, but 
is disposed at the end of the cooling pipe which branches off 
from the exhaust channel as in the above described prior art . 
According to this arrangement, exhaust gas taken out from the 
exhaust channel can be cooled, but the cooling pipe where the 
exhaust pressure sensor is disposed is required to have a 
length sufficient to withstand high- temperature exhaust gas, 
and thus the cooling pipe as well as the exhaust pressure 
sensor itself needs to be configured to have a resistance to 
heat, which leads to cost increase. Further, the problem may 
arise in terms of the vibration-resisting property of the 
cooling pipe connected to the exhaust channel. 

[0010] As described above, if the exhaust pressure sensor 
disposed in the exhaust system detects the pressure of the 
exhaust pressure increasing section so as to determine whether 
the exhaust pressure increasing section has failed or not as 
in the prior art, the problem arises in terms of the detecting 
accuracy of the exhaust pressure sensor laid under unfavorable 
conditions . 
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SUMMARY OF THE INVENTION 

[0011] It is therefore an object of the present invention 

to provide a failure diagnostic system for an exhaust pressure 
increasing device, which employs an intake system pressure 
sensor which is not required to have a resistance to corrosion 
and a resistance to heat as compared with an exhaust system 
pressure sensor, and therefore makes it possible to diagnose a 
failure in the exhaust pressure increasing device. 
[0012] To attain the above object, there is provided a 

failure diagnostic system which includes an intake channel and 
an exhaust channel in communication with cylinders of an 
internal combustion engine; the exhaust pressure increasing 
device that increases the exhaust system pressure of the 
exhaust channel; an intake system pressure detecting device 
provided in the intake channel, for detecting the intake 
system pressure; and an exhaust pressure increase failure 
diagnostic section that determines whether the exhaust 
pressure increasing device has failed or not according to 
intake system pressure information obtained by the intake 
system pressure detecting device and a predetermined failure 
diagnosis reference range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The nature of this invention, as well as other 

objects and advantages thereof, will be explained in the 
following with reference to the accompanying drawings, in 
which like reference character designate the same or similar 
parts throughout the figures and wherein: 

[0014] FIG. 1 is a diagram showing the arrangement of an 

engine system to which a failure diagnostic system for an 
exhaust pressure increasing device according to a first 
embodiment of the present invention is applied; 
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[0015] FIG. 2 is a flow chart showing a failure diagnosis 

control process carried out by the failure diagnostic system 
in FIG. 1; 

[0016] FIG. 3 is a diagram showing intake system pressure 

information obtained by the failure diagnostic system in FIG. 
1; 

[0017] FIGS. 4A to 4D are diagrams showing other intake 

system pressure information obtained by the failure diagnostic 
system in FIG. 1; 

[0018] FIGS. 5A to 5D are diagrams showing still other 

intake system pressure information obtained by the failure 
diagnostic system in FIG. 1; 

[0019] FIG. 6 is a flow chart showing a failure diagnosis 

control process carried out by a failure diagnostic system for 
an exhaust pressure increasing device according to a second 
embodiment of the present invention; 

[0020] FIG. 7 is a flow chart showing a failure diagnosis 

control process carried out by a failure diagnostic system for 
an exhaust pressure increasing device according to a third 
embodiment of the present invention; 

[0021] FIG. 8 is a flow chart showing a failure diagnosis 

control process carried out by a failure diagnostic system for 
an exhaust pressure increasing device according to a fourth 
embodiment of the present invention; and 

[0022] FIG. 9 is a flow chart showing a failure diagnosis 

control process carried out by a failure diagnostic system for 
an exhaust pressure increasing device according to a fifth 
embodiment of the present invention; 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] The present invention will now be described in 

detail with reference to the accompanying drawings showing 
preferred embodiments thereof. 
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[0024] FIG. 1 is a diagram showing the arrangement of an 

engine system for a vehicle, to which a failure diagnostic 
system for an exhaust pressure increasing device according to 
a first embodiment of the present invention is applied. 
Referring to FIG. 1, a description will now be given of the 
construction of the failure diagnostic system for the exhaust 
pressure increasing device according to the first embodiment 
of the present invention. 

[0025] For example, a multi-point injection type engine 

(MPI type engine) capable of injecting fuel via an intake port 
9 is employed as an internal combustion engine (hereinafter 
referred to as "engine") 1 used for the failure diagnostic 
system for the exhaust pressure increasing device according to 
the present embodiment. 

[0026] As shown in FIG. 1, a cylinder head 2 of each 
cylinder in the engine 1 is formed with the intake port 9 in a 
substantially horizontal direction, and an intake valve 11 
which causes each intake port 9 to come into or out of 
communication with a combustion chamber 5 is provided on the 
combustion chamber 5 side of each intake port 9. Each intake 
valve 11 is actuated to open and close an intake opening 9a in 
accordance with the movement of a cam 12a of a cam shaft 12 
rotating in response to engine revolution. An electromagnetic 
injector 6 which injects fuel into each cylinder is mounted on 
each intake port 9, and a fuel supply device, not shown, 
including a fuel tank is connected to the injector 6. The 
injector 6 injects fuel toward the combustion chamber 5 in an 
exhaust stroke of a piston 21. 

[0027] One end of an intake manifold 10 is connected to 

each intake port 9. An intake pipe pressure sensor (intake 
system pressure detecting device) 3 which detects the intake 
system pressure is provided at a suitable position of the 
intake manifold 10. An electromagnetic throttle valve 17 
which adjusts the intake air quantity is provided upstream of 



Atty. Docket No. 1472-0322P 



- 7 - 

the intake pipe pressure sensor 3. A Karman vortex air flow 
sensor 19 which detects the intake air quantity is provided 
upstream of the throttle valve 17. 

[0028] An ignition plug 4 is attached to the cylinder head 
2 of each cylinder, and an ignition coil 8 which outputs a 
high voltage is connected to an ignition plug 4 . A mixture of 
fresh air taken from the intake manifold 10 and fuel injected 
from the injector 6 is spark- ignited in the combustion chamber 
5 . 

[0029] Further, the cylinder head 2 of each cylinder is 

formed with an exhaust port 13 in a substantially horizontal 
direction, and an exhaust valve 15 which brings each exhaust 
port 13 into and out of communication with the combustion 
chamber 5 is provided on the combustion chamber 5 side of each 
exhaust port 13 . The exhaust valve 15 is actuated to open and 
close an exhaust opening 13a in accordance with the movement 
of a cam 16a of a cam shaft 16 rotating in response to engine 
revolution . 

[0030] One end of an exhaust manifold 14 is connected to 

each exhaust port 13. An exhaust pipe 20 is connected to the 
other end of the exhaust manifold 14, and a three-way catalyst 
23 which is capable of purifying HC, CO, and NO x with a high 
efficiency at an air-fuel ratio close to a stoichiometric air- 
fuel ratio is disposed in the exhaust pipe 20. 

[0031] Further, the exhaust pressure increasing device 

capable of adjusting the passage area of the exhaust pipe 2 0 
is disposed downstream of the three-way catalyst 23. The 
exhaust pressure increasing device is comprised of a sealed 
type switching valve 40, an actuator, not shown, which 
actuates the sealed type switching valve 40, and so forth, and 
is configured to change the angle of opening (passage area) of 
the exhaust pipe 2 0 to increase the exhaust system pressure, 
thereby accelerating reduction in the emission of unburned 
substances such as HC and CO and exhaust gas substances such 
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as NO x . The exhaust pressure increasing device is capable of 
changing the exhaust pressure. A variety of types may be 
envisaged as the sealed type switching valve 40, and in the 
present embodiment, it is assumed that a butterfly valve is 
employed. The butterfly valve is configured to adjust the 
passage area of the exhaust pipe 20 by rotating a disc about a 
shaft penetrated through the exhaust pipe 20. The sealed type 
switching valve 40 is electrically connected to an electronic 
control unit (ECU) 50 via the actuator. 

[0032] Further, the cylinder head 2 is provided with a 

variable valve timing mechanism (variable valve timing device) 
30 which operates the cam 12a and the cam 16a to retard and 
advance the opening/closing timing of the intake valve 11 and 
the exhaust valve 15 by hydraulic control. For example, a 
swing variable valve timing mechanism which swings the cam 
shafts 12 and 16 is employed as the variable valve timing 
mechanism 30. It should be noted that the swing variable 
valve timing mechanism is publicly known, and detailed 
description thereof is therefore omitted. 

[0033] The ECU 50 is provided with an input/output device, 

a storage device, a central processing unit (CPU) , and so 
forth, and controls the overall operation of the engine 1. 

[0034] A variety of sensors such as the intake pipe 
pressure sensor 3, air flow sensor 19, a water temperature 
sensor 18 which detects the temperature of cooling water in 
the engine 1, and a crank angle sensor 22 which detects the 
crank angle are connected to the input side of the ECU 50, so 
that detection information supplied from these sensors are 
input to the ECU 50. Further, a predetermined failure 
diagnosis reference range is stored in the storage device of 
the ECU 5 0 according to the present embodiment. The 
predetermined failure diagnosis reference range is an exhaust 
pressure range between the upper limit value and the lower 
limit value which are set according to the extent to which the 
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exhaust pipe 2 0 is throttled by the sealed type switching 
valve 40. The predetermined failure diagnosis reference range 
is influenced by the engine speed or the like, and is obtained 
in advance by experiments or the like. 

[0035] On the other hand, a variety of output devices such 
as the injector 6, ignition coil 8, throttle valve 17, 
variable valve timing mechanism 30, and failure alarm lamp 24 

(failure notifying device) are connected to the output side of 
the ECU 50, so that signals indicative of fuel injection 
quantity, fuel injection timing, ignition timing, and throttle 
valve opening are output to the injector 6, ignition coil 8, 
and throttle valve 17 according to detection information 
supplied from the above sensors. As a result, a proper 
quantity of fuel is injected in proper timing from the 
injector 6, spark- ignition is carried out in proper timing by 
the ignition plug 4, and the throttle valve opening is 
controlled to a proper valve opening. Further, a proper valve 
timing instruction is given to the variable valve timing 
mechanism 30, and a failure of the exhaust pressure increasing 
device is notified to the driver. 

[0036] Particularly in the failure diagnostic system for 
the exhaust pressure increasing device according to the 
present invention, the ECU 50 is provided with an exhaust 
pressure increase failure diagnostic section 51 which makes a 
determination as to whether the exhaust pressure increasing 
device has failed or not according to intake system pressure 
information obtained by the intake pipe pressure sensor 3 and 
the predetermined failure diagnosis reference range. The 
exhaust pressure increase failure diagnostic section 51 
detects the pressure of spit-back to an intake system as 
intake system pressure information, and identifies the 
detected pressure as the exhaust system pressure to make a 
determination as to whether the exhaust pressure increasing 
device has failed or not. 
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[0037] More specifically, the exhaust pressure failure 
diagnostic section 51 according to the present embodiment is 
provided with an execution permitting section and a 
comparing/ determining section . 

[0038] When the amount of overlap between valve closing 
timing of the exhaust valve 15 and valve opening timing of the 
intake valve 11 is equal to a predetermined failure diagnosis 
mode amount, the execution permitting section outputs an 
execution permission signal indicative of permission to 
determine whether the exhaust pressure increasing device has 
failed or not to the comparing/determining section. 

[0039] Upon receipt of the execution permission signal from 

the execution permitting section, the comparing/determining 
section determines whether the exhaust pressure increasing 
device has failed or not according to intake system pressure 
information obtained by the intake pipe pressure sensor 3 and 
the predetermined failure diagnosis reference range. 
Specifically, the comparing/determining section compares the 
maximum value of the intake system pressure in a predetermined 
period of time from a starting time point of communication 
between the combustion chamber 5 in which the intake valve 11 
is opened and the intake port 9 with the predetermined failure 
diagnosis reference range, and determines that the exhaust 
pressure increasing device has failed when the maximum range 
of intake system pressure lies outside the predetermined 
failure diagnosis reference range, and outputs a signal 
indicative thereof to the failure alarm lamp 24 . 

[0040] FIG. 2 is a flow chart showing a failure diagnosis 

control process carried out by the exhaust pressure increase 
failure diagnostic section 51. A description will now be 
given of the procedure of the failure diagnosis control 
process carried out by the failure diagnostic system for the 
exhaust pressure increasing device according to the present 
invention . 
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[0041] In step S201, the amount of overlap VOL of valve 

closing timing of the exhaust valve 15 and valve opening 
timing of the intake valve 11 is detected, and in step S202, 
the execution permitting section determines whether or not the 
amount of overlap VOL is equal to or greater than a 
predetermined determination mode amount. The predetermined 
determination mode amount is the amount of overlap for 
reducing the influence of the displacement of the piston 21 on 
the intake system pressure or for surely supplying exhaust 
pressure information to the intake system, and is set to be 
equal to or greater than a predetermined value. If it is 
determined that the amount of overlap VOL is equal to or 
greater than the predetermined determination mode amount, 
i.e., if the determination result is positive (YES), the 
process proceeds to step S203. On the other hand, if it is 
determined that the amount of overlap VOL is not equal to or 
greater than the predetermined determination mode amount, the 
present routine is brought to an end. 

[0042] In step S203, the execution permitting section 

determines whether or not the elapsed time is equal to or less 
than a predetermined period of time from a starting time point 
of communication between the combustion chamber 5 and the 
intake port 9. If it is determined that the elapsed time is 
equal to or less than the predetermined period of time, i.e., 
if the determination result is positive (YES) , the process 
proceeds to step S2 04 wherein the maximum value of intake 
system pressure detected by the intake pipe pressure sensor 3 
at the present time point. The process then proceeds to step 
S205. On the other hand, in step S203, if it is determined 
that the elapsed time is not equal to or less than the 
predetermined period of time after the intake valve 11 is 
opened, the present routine is brought to an end. 

[0043] FIG. 3 is a diagram showing intake system pressure 

information detected in step S204. 
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[0044] As shown in FIG. 3, in the present embodiment, 

intake system pressures within the predetermined period of 
time after the intake valve 11 is opened are detected, and the 
maximum value of the detected intake system pressures is used 
to determine whether the exhaust pressure increasing device 
has failed or not. Specifically, when the intake valve 11 is 
opened, gas in the combustion chamber 5 is spit -back toward 
the intake port 9 to increase the pressure of the intake 
system. Then, the pressure of the intake system rises as the 
degree of throttle controlled by the sealed type switching 
valve 4 0 increases, and moreover, the pressure of the intake 
system varies according to pulsation such as exhaust pulsation 
or intake pulsation. For this reason, the maximum point 
reached from a reference value as the pressure immediately 
before the occurrence of such pulsation can be regarded as the 
maximum value. It should be noted that the exhaust system 
pressure is generally higher than the intake system pressure, 
and hence the intake system pressure can be changed as stated 
above by opening of the intake valve 11 irrespective of 
whether overlap is caused by the variable valve timing 
mechanism 3 0 . 

[0045] Then, in step S205, the comparing/determining 

section determines whether or not the maximum value of the 
intake system pressure lies outside a predetermined failure 
diagnosis reference range. If it is determined that the 
maximum value of the intake system pressure lies outside the 
predetermined failure diagnosis reference range, i.e., if the 
determination result is positive (YES) , the process proceeds 
to step S2 06 wherein it is determined that the exhaust 
pressure increasing device has failed, and a signal indicative 
of a turning-on instruction is output to the failure alarm 
lamp 24. The present routine is then brought to an end. The 
predetermined failure diagnosis reference range is the range 
of exhaust pressures set according to the set extent to which 
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the exhaust pipe 20 is throttled, and is set according to the 
amount of overlap VOL, engine speed Ne, intake air quantity, 
atmospheric pressure, and so forth as well as the extent to 
which the exhaust pipe 2 0 is throttled. If the maximum value 
of the intake system pressure is greater than pressures within 
the range of predetermined failure diagnosis reference range, 
it is determined that the exhaust pressure increasing device 
has failed since the amount of throttle by the sealed type 
switching valve 4 0 is excessively large, and on the other 
hand, if the maximum value of the intake system pressure is 
lower than pressures within the range of predetermined failure 
diagnosis reference range, it is determined that the exhaust 
pressure increasing device has failed since the amount of 
throttle by the sealed type switching valve 40 is excessively 
small. It should be noted that if the maximum value of the 
intake system pressure is greater than pressures within the 
range of predetermined failure diagnosis reference range, it 
can be assumed that the exhaust pressure increasing device has 
failed since a bypass channel, not shown, does not increase 
the exhaust pressure to a predetermined value or greater. 
[0046] If it is determined in step S205 that the maximum 

value of the intake system pressure lies inside the 
predetermined failure diagnosis reference range, the process 
proceeds to step S2 07 wherein it is determined that the amount 
of throttle by the sealed type switching valve 40 is proper, 
and it is determined that the exhaust pressure increasing 
device is normal. In the case where failure diagnosis was 
previously carried out, the determination that the exhaust 
pressure increasing device has failed is canceled, and a 
signal indicative of a turning-off instruction is output to 
the failure alarm lamp 24. The present routine is then 
brought to an end . 

[0047] As described above, in the failure diagnostic system 
for the exhaust pressure increasing device according to the 
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first embodiment of the present invention, the intake pipe 
pressure sensor 3 detects the maximum value of intake system 
pressure within a predetermined period of time after a 
starting time point of communication between the combustion 
chamber 5 and the intake port 9, and the detected maximum 
value is identified as the exhaust system pressure to 
determine whether the exhaust pressure increasing device has 
failed or not. Therefore, a high resistance to heat and a 
high resistance to corrosion being not required as compared 
with the case where the exhaust pressure sensor disposed in 
the exhaust system is used, and the condition of the exhaust 
pressure increasing part can be correctly recognized. As a 
result, whether the exhaust pressure increasing device has 
failed or not can be determined at a low cost and with a high 
accuracy. 

[0048] It should be noted that the predetermined period of 

time in step S2 03 is set so that whether the exhaust pressure 
increasing device has failed or not can be determined with the 
highest accuracy. The predetermined period of time depends on 
the specification of the engine 1, but for example, the 
overlap period is set as the predetermined period of time. In 
this case, if there is no overlap, the throttle valve opening 
is set to 60 degrees. Alternatively, the predetermined period 
of time in step S203 can be set according to a predetermined 
crank angle detected by the crank angle sensor 22. 

[0049] Further, in step S205, the predetermined failure 

diagnosis reference range is also set so that whether the 
exhaust pressure increasing device has failed or not can be 
determined with the highest accuracy. The predetermined 
failure diagnosis reference range depends on the specification 
of the engine 1. In step S205, if a single reference range is 
used as the predetermined failure diagnosis reference range, 
it is possible to carry out diagnosis as to failures caused by 
sticking of the sealed type switching valve 40 on the high 
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exhaust pressure side among failures caused by malfunction of 
the sealed type switching valve 4 0 of the exhaust pressure 
increasing device, but it is difficult to carry out diagnosis 
as to other failures. To address this problem, a plurality of 
different reference ranges are used for the case where the 
sealed type switching valve 4 0 is instructed to operate and 
the case where the sealed type switching valve 4 0 is not 
instructed to operate, making it possible to carry out 
diagnosis as to all failures caused by malfunction of the 
sealed type switching valve 40. For example, by changing the 
reference range according to the valve opening (the degree of 
throttle) specified for the sealed type switching valve 40, it 
is possible to carry out diagnosis as to failures caused by 
malfunction of the sealed type switching valve 40. 
Alternatively, diagnosis may be carried out only in the case 
where the sealed type switching valve 4 0 is instructed to 
operate. It should be noted that if a plurality of different 
reference ranges are used for the case where the sealed type 
switching valve 40 is instructed to operate and the case where 
the sealed type switching valve 40 is not instructed to 
operate, it is possible to carry out failure diagnosis when 
the sealed type switching valve 40 does not operate, and also 
to carry out diagnosis as to failures on the high exhaust 
pressure side such as the above-mentioned sticking with a 
higher accuracy. 

[0050] Further, although in the present embodiment, it is 
determined in step S2 06 that the exhaust pressure increasing 
device has failed each time the determination is made in step 
S205, the present invention is not limited to this, but in 
step S2 06, it may be determined that the exhaust pressure 
increasing device has failed when the conditions in step S205 
have been satisfied a predetermined number of times (for 
example, N times) in succession, and in step S207, the 
determination that the pressure increasing device has failed 
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may be canceled when the conditions are unsatisfied a 
predetermined number of times (for example, M times) in 
succession. 

[0051] Further, in the present embodiment, the maximum 

value of intake system pressure based on a reference value as 
the pressure immediately before the occurrence of exhaust 
pulsation is used as shown in FIG. 3, the present invention is 
not limited to this. For example, intake pressure system 
information as follows may be used to be compared with the 
predetermined failure diagnosis reference range; the highest 
point reached from the pressure immediately before the 
occurrence of exhaust pulsation as a reference value is 
regarded as the maximum value of intake system pressure (refer 
to FIG. 4A) , the lowest point reached from the pressure 
immediately before the occurrence of exhaust pulsation as a 
reference value is regarded as the minimum value of intake 
system pressure (refer to FIG. 4B) , the lowest point reached 
from the pressure immediately after the end of exhaust 
pulsation as a reference value is regarded as the minimum 
value of intake system pressure (refer to FIG. 4C) , or the 
highest point reached from the pressure immediately before the 
occurrence of exhaust pulsation as a reference value is 
regarded as the maximum value of intake system pressure, the 
lowest point reached from the pressure immediately before the 
occurrence of exhaust pulsation as a reference value is 
regarded as the minimum value of intake system pressure, and a 
difference between the maximum value and the minimum value is 
used (refer to FIG. 4D) . 

[0052] Further, intake pressure system information as 

follows may be used to be compared with the predetermined 
failure diagnosis reference range; pressures in the waveform 
section including the maximum value of intake system pressure 
as shown in FIG. 3 are integrated to obtain the maximum value 
correlation value of intake system pressure (refer to FIG. 
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5A) , pressures in part of the waveform upper than the pressure 
(reference value) immediately before the occurrence of exhaust 
pulsation are integrated to obtain the maximum value 
correlation value of intake system pressure (refer to FIG. 
5B) , pressures in the waveform section including the minimum 
value of intake system pressure are integrated to obtain the 
minimum value correlation value of intake system pressure 
(refer to FIG. 5C) , or pressures in part of the waveform lower 
than the pressure (reference value) immediately before the 
occurrence of exhaust pulsation are integrated to obtain the 
minimum value correlation value of intake system pressure 
(refer to FIG. 5D) . 

[0053] Further, as intake system pressure information, not 

only the maximum value or minimum value of intake system 
pressure as shown in FIG. 3, but also the average value of 
maximum values or minimum values correlated to the maximum 
value or minimum value of intake system pressure, the average 
pressure in a predetermined period of time or the average 
value of average pressures correlated to the average pressure, 
or the pressure increase rate or the average value of pressure 
increase rates correlated thereto may be used. Further, an 
instantaneous value as mentioned above may be used, but if the 
average value of instantaneous values in a predetermined 
period of time (for example, 20 cycles) , it is possible to 
prevent the detecting accuracy from being deteriorated by 
variations. It should be noted that in the case where the 
detection accuracy is low due to a long sampling cycle for 
which intake pressure information is obtained, pressure 
information can be obtained by adding a sample-hold circuit, a 
Hi pass filter or the like. 

[0054] Further, to improve the accuracy in determining 

whether the exhaust pressure increasing device has failed or 
not, it is preferred that the influence of intake system 
pressure which varies according to various operating 
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conditions is excluded, i.e., it is preferred that, for 
example, the maximum value of intake system pressure is found 
using a value which is obtained by subtracting a reference 
pressure as described below from the pressure detected by the 
intake pipe pressure sensor. It should be noted that the 

reference pressure may be either absolute pressure or relative 
pressure . 

[0055] Specifically, the detection value obtained by the 

intake pipe pressure sensor 3 immediately before the opening 
of the intake valve 11, the average value of detection values 
obtained by the intake pipe pressure sensor 3 , the average 
value of detection values obtained by the intake pipe pressure 
sensor 3 during one cycle from the present opening to the next 
opening of the intake valve 11, or the average value of 
detection values obtained by the intake pipe pressure sensor 3 
in a period of time except a predetermined period of time 
after the opening of the intake valve 11 in step S203 can be 
used as the reference pressure. 

[0056] FIG. 6 is a flow chart showing a failure diagnosis 

control process carried out by a failure diagnostic system for 
an exhaust pressure increasing device according to a second 
embodiment of the present invention. It should be noted that 
the construction of the exhaust pressure increasing device 
according to the second embodiment is substantially identical 
with that of the exhaust pressure increasing device according 
to the first embodiment, and therefore description thereof is 
omitted, and the procedure of the failure diagnosis control 
process will be described below. 

[0057] In step S601, the execution permitting section 

determines whether a failure diagnosis mode is set or not. 
Specifically, the execution permitting section detects the 
amount of overlap VOL of the valve closing timing of the 
exhaust valve 15 and the valve opening timing of the intake 
valve 11, and determines whether or not the amount of overlap 
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VOL is equal to or greater than the amount of overlap 
(predetermined diagnosis mode amount) for reducing the effects 
of displacement of the piston 21 on the pressure. It should 
be noted that whether the failure diagnosis mode is set or not 
may be determined according to whether the vehicle is steadily 
running or not, or whether the engine speed is stable or not. 
If it is determined that the failure diagnosis mode is set, 
i.e., if the determination result is positive (YES), the 
execution of failure diagnosis is permitted so as to detect 
intake system pressure information, and then the process 
proceeds to step S602 . If it is determined that the failure 
diagnosis mode is not set, the present routine is brought to 
an end . 

[0058] In step S602, the amount of overlap VOL is changed 

to a predetermined amount (for example, the maximum value) , 
and then the process proceeds to step S603. Therefore, the 
predetermined failure diagnosis reference range is determined 
based on a map when the amount of overlap VOL is the maximum 
value . 

[0059] In step S603, the execution permitting section 

determines whether or not the elapsed time is equal to or less 
than a predetermined period of time after a starting time 
point of communication between the combustion chamber 5 and 
the intake port 9. If it is determined that the elapsed time 
is equal to or less than the predetermined period of time, 
i.e., if the determination result is positive (YES), the 
execution of failure diagnosis is permitted so as to detect 
intake system pressure information, and the process then 
proceeds to step S604. In step S604, for example, a 

difference between the highest point (the maximum value of 
intake system pressure) and the lowest point (the minimum 
value of intake system pressure) reached in the elapsed time 
is defined as intake system pressure information dP, and the 
process then proceeds to step S605. On the other hand, if it 
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is determined in step S603 that the elapsed time is not equal 
to or less than the predetermined period of time after the 
intake valve 11 is opened, the present routine is brought to 
an end . 

[0060] In step S605, the comparing/determining section 

determines whether or not the intake system pressure 
information dP lies outside the predetermined failure 
diagnosis reference range. If it is determined that the 
intake system pressure information dP lies outside the 
predetermined failure diagnosis reference range, i.e., if the 
determination result is positive (YES) , the process proceeds 
to step S606 wherein it is determined that the exhaust 
pressure increasing device has failed, and a signal indicative 
of a turning-on instruction is output to the failure alarm 
lamp 24. The present routine is then brought to an end. 
[0061] On the other hand, if it is determined in step S605 

that the intake system pressure information dP does not lie 
outside the predetermined failure diagnosis reference range, 
the process proceeds to step S607 wherein it is determined 
that the exhaust pressure increasing device is normal, and the 
determination that the exhaust pressure increasing device has 
failed is canceled as needed, and a signal indicative of a 
turning-off instruction is output to the failure alarm lamp 
24. The present routine is then brought to an end. 
[0062] As described above, the failure diagnostic system 
for the exhaust pressure increasing device according to the 
present embodiment determines whether the exhaust pressure 
increasing device has failed or not after the amount of 
overlap VOL is changed to a predetermined amount in step S602 . 
Therefore, the ECU 50 does not have to hold a variety of maps, 
and only the above-mentioned map corresponding to the 
predetermined amount of overlap is required for failure 
diagnosis . 
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[0063] FIG. 7 is a flow chart showing a failure diagnosis 

control process carried out by a failure diagnostic system for 
an exhaust pressure increasing device according to a third 
embodiment of the present invention. It should be noted that | 
the construction of the exhaust pressure increasing device 
according to the third embodiment is substantially identical 
with that of the exhaust pressure increasing device according 
to the first and second embodiments, and therefore description 
thereof is omitted, and the procedure of the failure diagnosis 
control process will be described in detail below. 

[0064] In step S701, the execution permitting section 

determines whether a failure diagnosis mode is set or not. If 
it is determined that the failure diagnosis mode is set, i.e., 
if the determination result is positive (YES) , the execution 
of failure diagnosis is permitted so as to detect intake 
system pressure information, and then the process proceeds to 
step S702. If it is determined that the failure diagnosis 
mode is not set, the present routine is brought to an end. 

[0065] In step S702, the exclusion permitting section 

determines whether the amount of overlap VOL is equal to the 
reference amount of overlap. The reference amount of overlap 
means the amount of overlap which eliminates the necessity of 
correcting intake system pressure information or the 
predetermined failure diagnosis reference range, and is set so 
as to enable the comparing/determining section to make a 
determination as to intake system pressure information 
detected by the intake pipe pressure sensor 3. If it is 
determined that the amount of overlap VOL is equal to the 
reference amount of overlap, i.e., if it is determined that 
the determination result is positive (YES) , the execution of 
failure diagnosis is permitted so as to detect intake system 
pressure information, and the process then proceeds to step 
S703, and if it is determined that the amount of overlap VOL 
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is not equal to the reference amount of overlap, the present 
routine is brought to an end. 

[0066] In step S703, the execution permitting section 

determines whether or not the elapsed time is equal to or less 
than a predetermined period of time after a starting time 
point of communication between the combustion chamber 5 and 
the intake port 9. If it is determined that the elapsed time 
is equal to or less than the predetermined period of time, 
i.e., if the determination result is positive (YES), the 
execution of failure diagnosis is permitted so as to detect 
intake system pressure information, and the process then 
proceeds to step S704 . In step S704, a difference between the 
highest point (the maximum value of intake system pressure) 
and the lowest point (the minimum value of intake system 
pressure) reached in the elapsed time is defined as intake 
system pressure information dP, and the process then proceeds 
to step S705. On the other hand, if it is determined in step 
S703 that the elapsed time is not equal to or less than the 
predetermined period of time after the intake valve 11 is 
opened, the present routine is brought to an end. 

[0067] In step S705, the comparing/determining section 

determines whether or not the intake system pressure 
information dP lies outside the predetermined failure 
diagnosis reference range. If it is determined that the 
intake system pressure information dP lies outside the 
predetermined failure diagnosis reference range, i.e., if the 
determination result is positive (YES) , the process proceeds 
to step S706 wherein it is determined that the exhaust 
pressure increasing device has failed, and a signal indicative 
of a turning-on instruction is output to the failure alarm 
lamp 24. The present routine is then brought to an end. 

[0068] On the other hand, if it is determined in step S705 
that the intake system pressure information dP does not lie 
outside the predetermined failure diagnosis reference range, 



Atty. Docket No. 1472-0322P 



- 23 - 

the process proceeds to step S707 wherein it is determined 
that the exhaust pressure increasing device is normal, and the 
determination that the exhaust pressure increasing device has 
failed is canceled as needed, and a signal indicative of a 
turning-off instruction is output to the failure alarm lamp 
24. The present routine is then brought to an end. 

[0069] As described above, the failure diagnostic system 

for the exhaust pressure increasing device according to the 
present embodiment uses intake pressure system information 
obtained when the amount of overlap is equal to the reference 
amount of overlap. Therefore, the subject of comparison can 
be uniformly found, and it is possible to determine whether 
the exhaust pressure increasing device has failed or not 
without the necessity of correcting the intake system pressure 
information and the predetermined failure diagnosis reference 
range with the amount of overlap being taken into account. As 
a result, failure diagnosis can be easily controlled. 

[0070] FIG. 8 is a flow chart showing a failure diagnosis 

control process carried out by a failure diagnostic system for 
an exhaust pressure increasing device according to a fourth 
embodiment of the present invention. It should be noted that 
the construction of the exhaust pressure increasing device 
according to the fourth embodiment is substantially identical 
with that of the exhaust pressure increasing device according 
to the first to third embodiments, and therefore description 
thereof is omitted, and the procedure of the failure diagnosis 
control process will be described in detail below. 

[0071] In step S801, the execution permitting section 

determines whether a failure diagnosis mode is set or not. If 
it is determined that the failure diagnosis mode is set, i.e., 
if the determination result is positive (YES) , the execution 
of failure diagnosis is permitted so as to detect intake 
system pressure information, and then the process proceeds to 



Atty. Docket No. 1472-0322P 



- 24 - 

step S802. If it is determined that the failure diagnosis 
mode is not set, the present routine is brought to an end. 

[0072] In step S802, the execution permitting section 

determines whether or not the elapsed time is equal to or less 
than a predetermined period of time after a starting time 
point of communication between the combustion chamber 5 and 
the intake port 9. If it is determined that the elapsed time 
is equal to or less than the predetermined period of time, 
i.e., if the determination result is positive (YES), the 
execution of failure diagnosis is permitted so as to detect 
intake system pressure information, and the process then 
proceeds to step S803 . In step S803, a difference between the 
highest point (the maximum value of intake system pressure) 
and the lowest point (the minimum value of intake system 
pressure) reached in the elapsed time is defined as intake 
system pressure information dP, and the process then proceeds 
to step S804. On the other hand, if it is determined in step 
S802 that the elapsed time is not equal to or less than the 
predetermined period of time after the intake valve 11 is 
opened, the present routine is brought to an end. 

[0073] In step S804, the subject converting section 

corrects the intake system pressure information dP to the 
amount of overlap VOL, and the process then proceeds to step 
S805. Specifically, the subject of comparison in the 

comparing/determining section can be varied according to the 
amount of overlap, and hence the intake system pressure 
information dP to reduce the variation. More specifically, 
the subject of comparison is converted such that when the 
amount of overlap VOL is large, the intake system pressure 
information dP is corrected to the low voltage side due to a 
large amount of spit -back to the intake system, and when the 
amount of overlap VOL is small, the intake system pressure 
information dP is corrected to the high voltage side due to a 
small amount of spit -back to the intake system. 
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[0074] In step S805, the comparing/determining section 
determines whether or not the intake system pressure 
information dP lies outside the predetermined failure 
diagnosis reference range. If it is determined that the 
intake system pressure information dP lies outside the 
predetermined failure diagnosis reference range, i.e., if the 
determination result is positive (YES) , the process proceeds 
to step S806 wherein it is determined that the exhaust 
pressure increasing device has failed, and a signal indicative 
of a turning-on instruction is output to the failure alarm 
lamp 24. The present routine is then brought to an end. 
[0075] On the other hand, if it is determined in step S805 
that the intake system pressure information dP does not lie 
outside the predetermined failure diagnosis reference range, 
the process proceeds to step S807 wherein it is determined 
that the exhaust pressure increasing device is normal, and the 
determination that the exhaust pressure increasing device has 
failed is canceled as the need arises, and a signal indicative 
of a turning-off instruction is output to the failure alarm 
lamp 24. The present routine is then brought to an end. 
[0076] As described above, the failure diagnostic system 

for the exhaust pressure increasing device according to the 
present embodiment corrects intake system pressure information 
with the amount of overlap being taken into account. 
Therefore, the comparing/determining section can use the 
uniform amount of spit -back to the intake system to determine 
whether the exhaust pressure has failed or not irrespective of 
the amount of overlap, and thus, restrictions imposed on 
failure diagnosis timing can be eliminated. 

[0077] FIG. 9 is a flow chart showing a failure diagnosis 

control process carried out by a failure diagnostic system for 
an exhaust pressure increasing device according to a fifth 
embodiment of the present invention. It should be noted that 
the construction of the exhaust pressure increasing device 
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according to the fifth embodiment is substantially identical 
with that of the exhaust pressure increasing device according 
to the fourth embodiment in which the subject converting 
section is provided, and therefore description thereof is 
omitted, and the procedure of the failure diagnosis control 
process will be described below. 

[0078] In step S901, the execution permitting section 

determines whether a failure diagnosis mode is set or not. If 
it is determined that the failure diagnosis mode is set, i.e., 
if the determination result is positive (YES) , the execution 
of failure diagnosis is permitted so as to detect intake 
system pressure information, and then the process proceeds to 
step S902. If it is determined that the failure diagnosis 
mode is not set, the present routine is brought to an end. 

[0079] In step S902, the execution permitting section 

determines whether or not the elapsed time is equal to or less 
than a predetermined period of time after a starting time 
point of communication between the combustion chamber 5 and 
the intake port 9. If it is determined that the elapsed time 
is equal to or less than the predetermined period of time, 
i.e., if the determination result is positive (YES), the 
execution of failure diagnosis is permitted so as to detect 
intake system pressure information, and the process then 
proceeds to step S903 . In step S903, a difference between the 
highest point (the maximum value of intake system pressure) 
and the lowest point (the minimum value of intake system 
pressure) reached in the elapsed time is defined as intake 
system pressure information dP, and the process then proceeds 
to step S904. On the other hand, if it is determined in step 
S902 that the elapsed time is not equal to or less than the 
predetermined period of time after the intake valve 11 is 
opened, the present routine is brought to an end. 

[0080] In step S904, the subject converting section 

corrects the intake system pressure information dP according 
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to an operative state relating to intake system pressure, 
i.e., multiplies the intake system pressure information dP by 
a correction coefficient to obtain corrected intake system 
pressure dP2 , and the process then proceeds to step S905. 

[0081] This is because the pressure of spit-back to the 

intake system is affected by the quantity of flow in the 
exhaust pipe 20, which is affected by the engine speed and the 
load applied to the engine 1 correlated to the valve opening 
speed of the intake valve 11; the valve opening speed of the 
intake valve 11 is increased as the engine speed rises. 

[0082] Specifically, in the above described first to fifth 

embodiment, the exhaust pressure increase failure diagnostic 
section 51 detects the pressure of spit-back to the intake 
system as intake system pressure information, and defines the 
detected intake system pressure information as the exhaust 
system pressure to determine whether the exhaust pressure 
increasing device has failed or not. The pressure of spit- 
back to the intake system, however, is affected by an 
operative state relating to the intake system pressure, and 
therefore, if the intake system pressure information does not 
correspond to the exhaust system pressure, and the exhaust 
system pressure is estimated according to only the intake 
system pressure information, there may be an error to cause 
erroneous determination as to whether the exhaust pressure 
increasing device has failed or not. 

[0083] As stated above, intake system pressure information 
may be required to be corrected according to an operative 
state relating to the intake system pressure, and hence the 
exhaust pressure increase failure diagnostic section 51 
according to the present embodiment corrects the detected 
intake system pressure information according to an operative 
state relating to the intake system pressure, regards the 
pressure of spit-back to the intake system as the corrected 
intake system pressure information, and defines as the 
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corrected intake system pressure information as the exhaust 
system pressure to determine whether the exhaust pressure 
increasing device has failed or not. 

[0084] Specifically, in step S904, a correction coefficient 

which is properly determined in advance according to the 
engine speed and the volume efficiency or the exhaust flow 
rate is used, and the subject converting section converts the 
subject of comparison by correcting the intake system pressure 
information dP obtained in step S903 to the low voltage side 
when the valve opening speed of the intake valve 11, the load 
applied to the engine 1, or the flow rate in the exhaust pipe 
2 0 is high, and on the other hand, correcting the intake 
system pressure information dP obtained in step S903 to the 
high voltage side when the valve opening speed of the intake 
valve 11, the load applied to the engine 1, or the flow rate 
in the exhaust pipe 2 0 is low. 

[0085] It should be noted that the correction coefficient 

may be determined according to only the volume efficiency in 
the case where an electromagnetic intake valve is used and the 
valve opening speed thereof is fixed, and the intake air 
quantity may be used in place of the exhaust flow rate. 
Further, instead of the load applied to the engine 1 (in the 
present embodiment, the volume efficiency), a factor corrected 
thereto (such as the negative pressure in the intake channel, 
net average effective pressure, illustrated average effective 
pressure, exhaust temperature, cylinder pressure, angular 
velocity, the temperature of gas in cylinders in intake valve 
opening, or intake pipe negative pressure) may be used. 

[0086] In step S905, the comparing/determining section 

determines whether or not the intake system pressure 
information dP2 obtained by multiplying the intake system 
pressure information dP by the correction coefficient lies 
outside the predetermined failure diagnosis reference range. 
If it is determined tha.t the intake system pressure 



Atty. Docket No. 1472-0322P 



- 29 - 

information dP2 lies outside the predetermined failure 
diagnosis reference range, i.e., if the determination result 
is positive (YES) , the process proceeds to step S906 wherein 
it is determined that the exhaust pressure increasing device 
has failed, and a signal indicative of a turning-on 
instruction is output to the failure alarm lamp 24 . The 
present routine is then brought to an end. 

[0087] On the other hand, if it is determined in step S905 
that the intake system pressure information dP2 does not lie 
outside the predetermined failure diagnosis reference range, 
the process proceeds to step S907 wherein it is determined 
that the exhaust pressure increasing device is normal, and the 
determination that the exhaust pressure increasing device has 
failed is canceled as needed, and a signal indicative of a 
turning-off instruction is output to the failure alarm lamp 
24. The present routine is then brought to an end. 

[0088] As described above, the failure diagnostic system 
for the exhaust pressure increasing device according to the 
present embodiment corrects intake system pressure information 
according to the valve opening speed of the intake valve 11, 
the engine applied to the engine 1, or the flow rate in the 
exhaust pipe 20. Specifically, the pressure of spit-back to 
the intake system is obtained by multiplying intake system 
pressure information by a correction coefficient, and hence 
the uniform pressure of spit -back to the intake system is used 
irrespective of an operative state relating to the intake 
system pressure ^ to determine whether the exhaust pressure 
increasing device has failed or not. Therefore, it is 
possible to prevent erroneous failure diagnosis. 

[0089] Further, since the pressure of spit-back to the 

intake system is found with the engine speed being taken into 
account, the effects of pulsation can be reduced, since 
pulsation is greatly correlated to the engine speed. 
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[0090] It should be understood that the present invention 

is not limited to the embodiments described above, but various 
variations of the above described embodiments may be possible 
without departing from the spirits of the present invention, 
including variations as described below. 

[0091] For example, although the execution permitting 

section uses the predetermined diagnosis mode amount in the 
first embodiment, the amount of overlap is changed to the 
predetermined amount in the second embodiment, the execution 
permitting section sets the reference amount of overlap in the 
third embodiment, and the subject converting section corrects 
the intake system pressure information in the fourth and fifth 
embodiments, the present invention is not limited to this, but 
whether the exhaust pressure increasing device has failed or 
not can be determined in a reliable manner by appropriately 
combining the first to fifth embodiments. 

[0092] Further, although in the above described fourth and 

fifth embodiments, the intake system pressure information is 
corrected according to an operative state relating to the 
amount of overlap or the intake system pressure, the present 
invention is not limited to this, but the predetermined 
failure diagnosis reference range may be corrected according 
to an operative state relating to the amount of overlap or the 
intake system pressure. 

[0093] Further, the intake system pressure information may 

be the maximum value, the minimum value, a difference between 
the maximum value and the minimum value, the average value of 
the maximum value and the minimum value, or the like, and the 
failure diagnosis reference range may be determined 
accordingly. 

[0094] Further, it is preferred that the intake pipe 

pressure sensor is provided in the vicinity of the combustion 
chamber so as to prevent pressure wave from being attenuated 
by a surge tank or the like, but in the case where the 
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pressure of spit-back to the intake system can be detected 
based on the internal pressure of the surge tank, the intake 
pipe pressure sensor should not necessarily be mounted on the 
intake manifold as in the above described embodiments. 
[0095] Further, under such operating conditions (e.g., 
high- speed/high- load operating conditions) that the exhaust 
pressure is increased with the sealed type switching valve 40 
being unoperated, failure diagnosis can be carried out with a 
higher accuracy by taking the amount of increase in exhaust 
pressure into account, or by excluding the corresponding 
operating range from a failure diagnosis range. It should be 
noted that to take the amount of increase in exhaust pressure 
into account, intake system pressure information can be 
obtained by subtracting the amount of increase in exhaust 
pressure from the maximum value of intake system pressure, but 
any other methods may be used. 

[0096] Further, the maximum value of intake system pressure 

or the like may be converted into the exhaust pressure to 
determine whether the exhaust pressure increasing device has 
failed or not. 

[0097] Further, either a cylinder injection type engine or 

a diesel engine as well as the above-mentioned MPI type engine 
may be used as the internal combustion engine used for the 
failure diagnostic system for the exhaust pressure increasing 
device according to the present invention. In this case as 
well, whether the exhaust pressure increasing device has 
failed or not can be determined at a low cost and with a high 
accuracy. 



